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ed method of fabricating 
pressure vessels and is a pro- 
cess separate and different from 
those methods used hitherto. It 
requires special technique, plant 
and shop appointments. 
The Babcock Fusion Welding 
Process is representative of 
scientific research applied to 
engineering and its success is 
assured by the ideal conditions 
under which it is carried out in 
our Renfrew Works. Our faith 
in the process is exemplified by 
the new welding shop recently 
completed, a view in which is 
shown above. This shop is 


Fee welding is a specialis- 


BABCOCK HOUSE, 34 FARRINGDON STREET. LONDON, E.C4. 


330’ 0” long x 60’ 6” wide. It is 
completely air conditioned, and 
new X-ray equipment has been 
installed capable of penetrating 
41” thick steel plate. 

The increasing number of Inspec- 
tion and Survey Authorities 
throughout the world now ac- 
cepting this construction is 
proof of the process and a gratify- 
ing testimonial to the pioneer 
research work underlying it. 
“The Utilisation of Metallic Arc 
Welding in the Construction of 
Steam Generating Plant,’’ is the 
title of a new publication which 
we shall be glad to send on 
request. 
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“Stop. | know what you’re going to tell me..... “If 
you use Tube Products Electrically Welded Steel Tubes 
in your transformers you can be sure of your oil keeping 
clean, free circulation and good cooling.’’ 


Write for our Illustrated Catalogue 
issueo sy: TUBE PRODUCTS LIMITED - OLDBURY - BIRMINGHAM 
TELEPHONES: BROADWELL 1651-1656 TELEGRAMS: TUPRODUCTS, OLDBURY 


INSULATION 


for quality and reliability 


“LINAPEX” VARNISHED CLOTHS “ FORMAPEX” VARNISHED PAPERS 


AND TAPES 
Straight cut, Bias cut, Seamless or Stitched “OCOBIND” BLACK ADHESIVE 


“LINAPEX” VARNISHED SILKS — 
AND TAPES SLOT INSULATION 
FORMAPEX”’ MIOCARTA SHEETS MAGNETIC SLOT WEDGE 


AND TUBES (Bakelite Type) MATERIAL 


Write for our booklets on Insulation, FP, ~ 
post free on application. 
THE I10C0 RUBBER & co.. LTD. 
NETHERTON WORKS - ANNIESLAND GLASGOW V4 
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A 5-CYLINDER 625 B.H.P. ENGLISH ELECTRIC DIESEL ENGINE USING 
“GERM” LUBRICATING OIL. 


‘‘GERM” oils are the only lubricating oils made 

on the Wells-Southcombe process for increasing 

OILINESS.” 

@ They resist oxidation and ensure freedom 
from sludge. 

@ There are grades of ‘‘Germ” oil for every 
lubrication job. 

@ Made in England and in daily use in over 60 
countries. 


GERM LUBRICANTS LIMITED 


City-Gate House, London, E.C.2. Works : SALFORD, 3, Lancs. 
Telephones : LONDON, National 9001 (4 lines) MANCHESTER, Blackfriars 4273 & 4274. 
Telegrams: MAXOILI, LONDON. MAXOILI, MANCHESTER. 
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THE FAN 
WHICH 
ROTATES 
THROUGH A 
COMPLETE 
CIRCLE 


“MARELLI” 


(REGD. TRADE MARK) 


REVOLVING CEILING FANS 


OUR 
LATEST 
MODELS 
EMBODY 
ALL THE 
IMPROVEMENTS 
MADE AS 

A RESULT 
OF OUR 
EXTENSIVE 
EXPERIENCE 
IN THE 
VARIOUS 
MARKETS 
OF THE 
WORLD. 


We invite your enquiries for all types of Electric Fans 


MARELLI & Co. LTD. 


ARTILLERY HOUSE, ARTILLERY ROW, 
VICTORIA STREET, LONDON, S.W.|1. 


Telephone: VICTORIA 3476/7. 


Telegrams & Cables: ‘*MARELLI, LONDON.” 
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Sterling Paints for transformers, switch-gear, 
industrial motors, etc., are being rapidly and 
successfully adopted by many large engineering 
Companies. They are made to The British 
Standards Institution colours and specifications. 


Your requirements are studied by a 
special body of trained chemists who 
will produce the particular paint 
necessary for your requirements. 


Write to: 
THE STERLING VARNISH COMPANY LTD., 
Fraser Road - - Trafford Park 
MANCHESTER 17. 


Telephone : : Telegrams : 
Trafford Park 2231. Dielectric, Manchester. 


“GASKOID.” 


Jointing is 


Permanently Oil and Petrol 
resisting, The material is tough 
yet suppleand is used extensively 
on very important jobs. Write 
for Free Trial sample. 


“KROMYDE” jis hiah 
grade lubricated leather packing 
for service in oil at low tem- 
perature and pressure, 


WRITE FOR CATALOGUE H.6. 


“TRANSOYL” is Gaskoid 
Oil and Petrol Jointing faced 


GOLDEN with fine quality Cork. Used 
“WALKERITE” is extensively on Transformers and 
recognised as the ‘King’ similar applications where the 
of H.P. Steam Jointings bolt holes are some distance apart 


JAMES WALKER & CO., LTD.—— 
“LION” WORKS WOKING SURREY | 
PHONE, WOKING 1040 GRAMS, LIONCELLE 


ALK 
OINT, 
— 
JAMESWALKERS 
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comes 
from infinite 
technical care 


experience 


Taylor Tunnicliff & Co. Ltd., 110 Cannon St., London, E.C.4, Factories at Hanley, Stone & Longton, Staffs. Tel. : Mansion House 7211-2 & Hanley 5272-4. 


A 


STEEL SECTIONS 
MERCHANT BARS 
HOOPS & STRIP, ETC. 


required. 
Immediate deliveries from stock at the lowest 


prices. 


EAGLE WORKS: GREETS GREEN 
WEST BROMWICH 


Chlephone : No Selegrams Eagle. West Bromwich, 
Tipton 1611 (5 lines). 
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. 3 OR ALL STEEL PLAIN & CHEQUERED PLATES 
i PURPOSES STEEL 
PLATES 
Ai 
Sheets and Plates specially sheared, Bars and 
4 
Sections Cold Sawn to dead lengths when 
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“ARCLIGHT” PHOTO PRINTING EQUIPMEN 


A REPRESENTATIVE SELECTION OF POPULAR MODELS 


Patentees and Sole Manufacturers: 


K. N. MASON & SONS, LIMITED 


PHOTO PRINTING EQUIPMENT SPECIALISTS 
ARCLIGHT WORKS - COLCHESTER - ENGLAND 
LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE-ON-TYNE 
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CENTRIFUGAL 


/ 


ENSURES EASY STARTING OF 
MOTOR AGAINST FULL LOAD 
WITH MINIMUM CURRENT 


For starting up all classes of machines 
with large inertia to overcome 


A Broadbent Clutch is often absolutely 
necessary 


Let us send a copy of our Catalogue 


THOMAS BROADBENT & SONS LTD. 


(a lines) HUDDERSFIELD 
HUDDERSFIELD 


CENTRIFUGAL CLUTCH 
COMBINED With Pimon 
ORIVING BACK GEAR. 
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IEMEN 


FEEDER PILLARS 


(Patent No. 336,752) 


STANDARD UNIT, 3 & 4-WIRE 


HE UNIT is of cast-iron 

divided on the cable line, 
with screwed-on back. The 
casting is so designed that the 
neutral base is set forward to 
allow free running of cable 
cores. Substantial porcelain 
insulators are fixed from the 
front. All fuse contacts are 
connected from the front and 
are easily renewed without 
breaking down cable 
joint. Cable eyes only are 
removed for jointing and this 
does not disturb the align- 
ment of the fittings. There 
are no bolted joints under 
compound and no live metal 
parts at the back. All current- 
carrying parts are of high con- 
ductivity copper and tinned. 


4-way, 3-phase, 4-wire Pillar 


3-phase, 4-wire 
Tailless Type 

nit. Wire or 
Cartridge fuses 
up to 500 amps. 


FUSES 


(Patent Nos. 189,684 and 429,806) 


The handles and contacts are constructed so 
that they can be used with copper wire fuses 
through an asbestos tube, or with “ English 
Electric’’ Cartridge Fuses “T" Type without 
any alteration. The Fuse handles are stocked 
in three sizes: 150, 300 and 500 amps. 


Porcelain Handle with Cartridge fuse. 


SIEMENS BROTHERS & co., LTD. 
WOOLWICH, LONDON, S.E.18. 
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EDITORIAL. 
Our frontispiece shows the substation 
of the Khardah Jute Mill, Calcutta, 


which is believed to be the largest mill 
under one roof on the River Hooghly. 
The complete conversion to electric drive 
was carried out by our Company, and in 
the first article in this issue Mr. F. Watson 
describes the electrification of the mill. 


Electric drives for the mill machinery 
were chosen because the existing steam 
power plant was reaching the limit of its 
economical life, and owing to the low 
prices prevailing for the finished product 
mill it reduce 


of the was essential to 


power costs as far as possible. In order 
to obtain the full benefits of the attrac- 
tive power rates offered by the Calcutta 
Electric Supply Corporation, the installa- 
tion includes a number of the Company’s 
asynchronous-synchronous motors, and 


Kosfi motors, for power factor correction. 


Electric plant in Calcutta operates 


under much more arduous conditions 


than obtain in this country, shade tem- 


a 
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peratures of  115°F. 


and humidity 
approaching saturation point being quite 


common. The Company has in the past 
supplied a large amount of plant to meet 
such conditions and the fact that “ English 
Electric”? motors were chosen is testimony 
to their design, workmanship and relia- 
bility. 


In the article following Mr. A. R. 
Blandford reviews the new standards of 
performance for high rupturing capacity 
switchgear, which have been based on 
extensive test experience with large test- 
ing plants: In the past, owing to the lack 
of adequate test facilities circuit-breakers 
were rated on empirical formule and 
general field experience, and in many 
cases were given*too high a rupturing 
capacity rating. 


Reference is made to the desirability 
of an efficient arc control in order to 
minimise risk of fire and danger to 
operators, and the Company’s de-ion grid 
is shown to have all the essential features 
of an efficient and satisfactory device. 
The author also gives in brief outline a 
layout of substation switchgear which 
would enable a power supply to be 
maintained even if by any chance a fire 
should occur in the substation. 
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In the third article Mr. R. M. Charley 
describes and illustrates some reactors 
which the Company has supplied for use 
on a 132 kV. system of the Central Elec- 
tricity Board. It is pointed out that 
where the rupturing capacity rating of 
switchgear built some years ago has been 
found in the light of recent investigations 
to be too high, reactors should be installed 
as a safeguard. Furthermore, the 
enormous increase in the capacity of 
generating plant coupled to the Grid has 
necessitated reactors being connected 
between sections at selected points, in 
order to ensure that should a fault occur 
in any section, the short-circuit current 
fed into it would not exceed a safe limit 
for the switchgear. 


Finally Mr. Charley gives a description 
of interesting reactor and transformer 
installations at Brighton. In this connec- 
tion we are pleased to advise our readers 
who will be attending the I.M.E.A. Con- 
vention at Brighton (31st May to 4th June) 
that Mr. W. N. C. Clinch, Engineer and 
Manager of the Brighton Corporation 
Electricity Undertaking, has been kind 
enough to invite delegates and visitors to 
inspect the reactors at the Southwick 
Power Station, and the transformers at 
the North Road distribution centre. 
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The Flectrification of the Khardah Jute Mills. 


By F. WATSON, Manager of the English Electric Company’s Calcutta Branch. 


INTRODUCTION. 


The world 
a monopoly of Bengal, yet until 50 years ago 


production of jute is virtually 
only a very small quantity of finished cloth was 
manufactured in India, and that principally on 
During the latter half of the last 
of the 
natural resources of Bengal took place, and with 


hand looms. 
century, however, rapid development 


the growing demand for jute products a large 
number of mills sprang up around the Bengal 
capital. To-day more than half of the Indian 
output of jute is consumed in the local mills. 


Bengal possesses a vast network of natural 
waterways in the jute-growing districts, and this 
provides an extremely cheap method of trans- 
porting the raw material, with the result that 
practically all the jute mills were built on the 
banks of the River Hooghly. To-day there are 
approximately 80 jute mills on the river within 
a distance of 20 miles north and south of Calcutta. 

The majority of these mills are now over 30 
years old, but were originally laid out along the 
lines of the latest practice then ruling in Dundee. 
They were generally driven by two large hori- 
zontal slow-speed steam engines, one for the mill 
and the other for the factory, the drive to the 
line shafts taking the form of a series of endless 
ropes in a rope alleyway which extended the 
width of the mill and between the mill and the 
engine room. The steam-raising plant generally 
consisted of batteries of Lancashire type boilers. 
It will readily be understood that in the fierce 
competition which exists at the present day 
these methods of power generation form a serious 
obstacle to cheap production. Furthermore, 
such plant has practically reached the end of its 
useful life, and not only are the fuel and steam 
consumption figures very high, but maintenance 
charges are naturally becoming unduly heavy. 


The need for the strictest economy in working 
in Calcutta is also enforced by other considera- 
Until recently practically all the larger 
mill owners were members of the Jute Manufac- 
turing Association, a body which includes in its 
the overproduction and 
unnecessary competition between manufacturers. 
During the last few years, however, the number 
of smaller 


tions. 


aims avoidance of 


non-association manufacturers has 
grown and to some extent the objects of the 
Association have been defeated. To meet this 
competition, therefore, various measures were 
taken by working longer hours, ete. This has 
had the result of lowering the price of the finished 
article and has made it still more imperative for 
the owners of the older factories to seek some 
alternative method of 


driving their mills. 


and more economical 


The three principal alternatives are :— 

(1) The purchase of modern higher pressure 
water-tube and steam turbine 
plant, the latter being provided with suit- 
able reduction gears for coupling to the 
existing rope drives and with means of 


boilers 


passing out from the turbine a sufficient 
quantity of steam for the process work in 
the mill. 

(2) As above, but with the turbine arranged 
to drive an alternator which supplies power 
to motors driving the mill machinery 
either individually or in groups. 


(3) The purchase of electric power from an 
outside source, together with the installa- 
tion of motors as in the case of (2). 


KHARDAH JUTE MILLS. 


The Khardah Jute Mills consist of identical 


mills arranged side by side and form what is 
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teaser and breaker cards. 


believed to be the largest mill under one roof on 
the river. 

Messrs. Anderson, Wright & Co., the Managing 
Agents of the Khardah Jute Co., gave this problem 
very serious consideration and found that, like a 
number of other mills, their power plant, which 
was originally installed in 1896, was reaching the 
limit of its economical life, whereas the mill 
machinery itself was in a much better condition. 
Both of the first two alternatives previously men- 
tioned would, of course, entail very heavy capital 
expenditure, and it was eventually decided to 
take energy from the Calcutta Electric Supply 
Corporation, who were able to offer extremely 
attractive rates for the amount of power which 
the mills would consume. 

After considering alternative schemes, the 
order for the complete conversion of the two mills 
at Khardah was awarded to the English Electric 
Company, who have for many years made a close 
study of the requirements peculiar to the jute 
manufacturing processes, which in India 
considerably aggravated by local conditions. 

Of these, mention may be made of the very 
high temperature and humidity conditions which 


are 


Fig. 1.—300 H.P. 3,300 volt pipe-ventilated slipring induction motor driving softeners, 
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exist over a large period 
of the year, and shade 
temperatures as high as 
115 deg. F. and humidity 
approaching saturation 
are quite common. This 
means not only that all 
the 
must be liberally rated 
to ensure a reasonable 
temperature but 
the ventilation of the 
machines must be most 
carefully designed to 
avoid hot spots, which, 
in conjunction with the 
high ambient tempera- 
tures, would certainly 
prove injurious to the 
insulation. In addition, 
owing to the high water 
content of the air, the 
insulation must be of the 
highest quality and so treated that it is impervious 
to moisture. 

Another factor which calls for serious con- 
sideration is the difficulty in obtaining skilled 
labour for the operation of the electrical machinery 
which, therefore, must be foolproof and extremely 
robust. 


electrical materials 


rise, 


Layout OF THE MILLs. 


In the Khardah Jute Mills numerous other 
difficulties existed, but due to the careful con- 
sideration of all the details of the scheme in the 
initial stages, in consultation with the Mill 
Management, they were satisfactorily overcome. 

One of the features of this conversion is the 
general disposition of the various motors, which 
are erected on steel platforms in the centre pass 
of each mill. In a number of mill conversion 
schemes, the motors are installed in the rope 
alleyway at the mill ends. The principal advan- 
tage of this arrangement is that after the con- 
version the motor alleyway can be effectively 
walled in, making it a simple matter to exclude 
dust and fluff and to utilise ordinary enclosed ven- 
tilated motors. The possibility of doing this was 
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investigated at Khardah, 
but a number of factors 
were found which mili- 
tated this arrangement. 
By placing the motors 
in the centre of the mill, 
however, an important 
advantage is secured in 
reducing very consider- 
ably the speed variation 
along the line shaft, 
which may assume 
serious proportions in 
the case of a long line 
driver at one end. An 
impression of the plat- 
form construction can be 
obtained from Figs. 1 
and 2, 

It will be noticed that 
although the roof is 
somewhat low and suffi- 
cient clear working head 
room had to be provided 
underneath the platform 
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Fig. 2.—300 H.P. 3,300 volt pipe-ventilated slipring induction motor driving 
breaker, inter-finisher and finisher cards. 


in the mills pass, there 


is comfortable head room for working and ample 
access to the motors and their control gear on 


Fig. 3.—200 H.P. 3,300 volt pipe-ventilatec 


1 slipring induction motor driving 
overhead line shafting for roving machines. 


the platform. The platforms were fabricated in 
India and considerable care was taken to pre- 
Whenever possible, the exist- 


ing cast-iron roof 
columns were utilised, 
and these were aug- 
mented by additional 
columns with  cast-on 
brackets where neces- 
sary. 

Owing to the presence 
of fine jute fibres and 
dust in the atmosphere, 
especially at the prepara- 
tion end of the mill, all 
the motors, except those 
in the factory, were 
arranged for pipe venti- 
lation. The inlet air is 
drawn through a short 
length of ducting from 
the roof, and the intake 
of this duct is protected 
by light masonry 
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shelters, which are provided with large area 
gauze screens to exclude the dust and, as 
a further protection against the heavy driving 
monsoon rains, by means of louvres in the 
sliding door. The ducts are shown in Fig. 
3, and Fig. 4 shows the air intake on the 
roof. 

All the main drives in the mill, except the 
spinning, are carried out by means of Renold 
inverted tooth chains; the motors run at 
750 r.p.m. (syn.), the speed being reduced to 
either 137 r.p.m. in the mill or 150 r.p.m. in the 
factory. Generally speaking, 4-feet chain centres 
have been employed, the drives being totally 


Fig. 4.—Roof shelter for pipe-ventilated motor air intake, showing one 
gauze dust screen removed and sliding louvre door open. 
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enclosed and force lubricated by 

means of a pump and sump. The 

general arrangement can be seen from 
the illustrations. It will be noticed 
that the centre length of mill shafting 
has been replaced by a length of 
increased diameter shaft on which the 
solid chain wheel has been fitted. 

With the object of obtaining a large 
degree of interchangeability and to 
reduce the quantity of spares to be 
carried, the motors were standardised 
as far as possible, and actually there 
are only five different sizes of motors 
employed in both the mills. The differ- 
ent motors comprise the following :— 

Seven 450 h.p. asynchronous-synchronous 
motors for the spinning drives (one spare). 

Six 300 h.p. slipring induction motors for 
driving softeners, breakers, interfinisher 
and finishing cards. 

Six 200 h.p. slipring induction motors for 
driving softeners, teasers, drawings, 
rovings, etc. 

Nine 150 h.p. slipring induction motors for 

driving looms, calenders and _ finishing 


machinery. 

Nine 50 h.p. slipring induction motors for 
driving press pumps, sewing departments 
and workshops. 


Fig. 5.—450 H.P. 3,800 volt asynchronous-synchronous motor driving line shafting for spinning machinery. 
The transformer and automatic motor generator set for motor excitation may be seen in the background. 
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DANGER 3000 VOLTS 


re 


; Fig. 6.—450 H.P. 3,300 volt asynchronous-synchronous double-ended motor ¢ 


riving line 


shafting for spinning machinery. 


The horse-power of the motors installed aggre- 
gates 7,500 h.p. 

In the case of the motors for driving the 
of considerations 
One of the main 
210 r.p.m., was 


spinning line shafts a number 
had to be taken into account. 
lines (EK. shaft), running at 
arranged for double-belt driving to the frames, 
and the calculated load on the shaft was 830 h.p. 
If a single motor were used, it would necessitate 
a somewhat larger size than was considered 
desirable. It was further appreciated that with 
the more even torque that could be obtained 
from the electric drive, the spinning speeds could 
be increased. As the latter would in any case 
involve a change in the belt drives, it was decided 
to go still farther and raise the speed of the line 
shaft itself and to split this line shaft into two 
at the centre. This was carried out, and the new 
line shafting was driven at 500 r.p.m. by direct- 
coupled 450 h.p. 
motors, one being erected in the centre pass in a 
similar manner to the other motors, while the 


asynchronous-synchronous 


other end-driving motor was installed in the 
In the case 


engine room, as illustrated in Fig. 5. 
of the * F ” spinning line shaft in each mill, only 
single belt drives were used, taking half the power 
of the E. line. This was met by using the same 
type of motor, which was provided with double 
shaft ends, on a centre pass platform and direct- 
coupling it to the line shaft at each end, as shown 
in Fig. 6. 

The Calcutta Electric Supply Corporation rates 
take into account not only maximum demand and 
load factor, but impose a surcharge on any 
installation having a power factor worse than 
95 lagging. For this reason the 450 h.p. 
asynchronous-synchronous motors were designed 
to run at a leading power factor which would 
enable the figure of .95 to be obtained on the 
whole installation, 
correction on these motors is controlled by the 


The degree of power factor 


exciter regulation, so that actually the optimum 
value which gives the best performance and 
efficiency can always be obtained. 
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Fig. 7.—150 H.P. 3,300 volt slipring induction motor driving loom shafting. The Dick-Balata 
subsidiary drive to adjacent line shafts can also be seen. 


Fig. 8.—50 H.P. 400 volt slipring induction motor driving press pump. Contactor 
type control gear and starters for two similar sets may be seen in the background. 
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Owing to the space limitations pre- 
viously referred to, the exciters were not 
mechanically coupled to the motors, but 
were direct-coupled to suitable squirrel- 
cage motors. These small motors took 
their supply from an auxiliary trans- 
former stepping down from 
3,300 volts to 400 volts. The trans- 
formers are connected on the high tension 
side to the main motor stator control, 
so that when the latter is closed the 
exciter set automatically starts up and is 
switched into the rotor circuit when the 
main motor is up to speed: 

In the case of the loom drives at the 
factory end, 150 h.p. induction motors 
were used, each driving three line shafts, 
the centre-shaft being chain-driven from 
a platform-mounted motor and the two 
shafts on either side, at approximately 
11 feet centres, being driven by ** Dick- 
Balata ” vee-shaped belts from a double 
pulley on the centre shaft. 
ment of this 
Fig. 7. 

An _ interesting 
method employed 
pumps. Originally these were belt-driven with 
fast and loose pulleys under the control of the 
press operatives. 


pressure 


The arrange- 


drive can be seen from 
the 
for driving the press 


application is 


These were rearranged for a 
chain drive from a 50 h.p. slipring induction 
motor mounted on a compact masonry plinth 
close to the pump bedplate. The motors are 
controlled by automatic step by step contactor 
type starters. The press pumps are under the 
complete control of the operators by means of 
stop and start push buttons mounted in 
convenient positions. 

With the method of pressing employed in the 
mills the motors are required to stop and start 
very frequently (as much as 20 times an hour), and 
the operators are not skilled men, being usually 
of the coolie class. It will be appreciated, there- 
fore, that this automatic control affords a con- 
siderable saving in time and avoidance of over- 
loading, due to the theoretically correct starting 
The 
drives and contactor panelsare illustrated in Fig. 8. 


time which the automatic starters ensure. 
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Fig. 9.—Combination fuse switchboard for mill lighting distribution. 


Mitt Licutine. 


The contract also included the changing over 
of all the lighting circuits in the two mills from 
D.C. to A.C., the previous supply having been 
taken from small steam-engine-driven generators, 
which were dispensed with in the conversion. 
The were 
incapable of dealing with the much heavier fault 
kVA. made available by the A.C. supply, and 
fitted with high 
rupturing capacity combination fuse switches were 
installed. 


original mill distribution feeders 


new ironclad switchboards 
One of these switchboards is shown 
in Fig. 9. The metal casing over the lead-covered 
cables was fitted in order to comply with the 
Indian Electricity Rules. 


SUB-STATION, 
A general view of the sub-station is shown in 
the frontispiece, and it will be seen that a building 
which was originally part of the mill has been 


7 & 
: 
ii 
i 
} 
if 


used ; the plant, however, has been disposed of 
in a manner resulting in economical cable runs, 
but at the same time giving full access to all 
the gear. 

The supply is brought into the sub-station by 
duplicate cables at 20,000 volts, and is taken 
from the Supply Company's metering panel to 
the incoming panel of the main mill switchboard. 
This consists of a 5-panel board of compound 
filled O.L.E. 2A type switch panels, illustrated 
in Fig. 10, with a rupturing capacity of 
350,000 kVA. Feeders are taken to four trans- 
formers, two of 5,000 kVA., stepping down to 
3,300 volts and giving supply to all the mill 
motors at 150 h.p. and upwards, and two smaller 
transformers rated at 1,000 kVA., each stepping 
down to 400 volts to supply all the smaller motors. 
The neutral point on the L.T. side is brought out 
to provide the A.C. lighting supply for the mills. 

Owing to the cost of converting all the D.C. 
fans and other apparatus in the residential quar- 
ters and certain other small circuits, such as the 
electrically operated jetty cranes, it was decided 


to retain D.C. for these. This was done by 


utilising three of the existing generators, which 
were disconnected from the original steam drive 
and 


installed in the sub-station and direct- 


Fig. 10.—22,000 volts Metalclad compound filled switchboard, 
type O.L.E. 2A. Rupturing capacity 350,000 kVA. 
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coupled to three 120 h.p. 
Kosfi_ motors. These 
motors serve to take 
‘are of the power factor 
at night time and at 
periods when the 
asynchronous-sync hr o - 
nous motors in the mill 
are not working. 


Each of the different 
size transformers is cap- 
able of meeting the full 
load demand of the mills, 
and there is therefore 
a 100 per cent. standby 
in this respect. 


As_ elsewhere in the 
mill, the roof of the sub- 
station was very low, 
and a modification was 
therefore made to the centre. Lifting beams were 
erected at such a height as to enable the trans- 
former cores to be lifted clear of the tanks. Also, 
owing to the low roof and absence of outside 
ventilation, there would have been a tendency 
for the air temperature to become excessive ; to 
overcome this, propeller and extractor type fans 
were placed in the end walls. During the last 
hot season it was proved that with the aid of 
these fans the room temperature could be kept 
within reasonable limits. 

CABLING. 

The cabling in the sub-station was carried out 
in trenches by means of paper-insulated lead- 
while the 
mill from 
of paper- 
armoured 


covered cables supported on cleats, 
feeders to the various switches in the 
the 3,300-volt 
insulated 


switchboard consisted 
lead-covered single wire 
cables. 

Owing to the congestion of the machinery in 
the mills, it was impracticable to run these latter 
cables in floor trenches. Economical runs could 
have been obtained by running the cables on the 
outside of the flat roof, but owing to the exces- 
sively high sun temperatures, which may reach 
160 deg. F., this was also ruled out. The main 
cabling was therefore carried on a light fabricated 
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frame work supported 
from the roof members. 
A straight run was taken 
from the sub-station 
the entire length of the 
two mills, the run being 
diverted at right angles 
at the centre pass in each 
mill. At these points 
the cabling was run on 
hangers from the roof 
beams, a feed being 
dropped on to each plat- 
form. These runs are 
inconspicuous, but at 
the same time ample 
ventilation for the cable 
exists. 


CHANGEOVER. 


It was decided that 
the actual changeover 
to electric drive should take place gradually and at 
week-ends. In this manner the entire conversion 
was effected without losing a minute of actual 
production working. The importance of this fact 
will be understood when it is remembered that 
at the time the Jute Mills Association 
limiting the working hours to 40 per week, and 
had the process of changing over encroached on 
these hours, a very serious loss to the mills would 
have been sustained. In this connection it may 
be mentioned that when the associated mill- 
wrighting work was being done it was discovered 
that in certain areas a considerable ground subsi- 
dence had taken place since the mills were first 
built. This necessitated the entire re-alignment 
of certain line shafts, which work had to be 
carried out during the week-ends, 

Owing to the type of drive, the complete 
absence of any ropes whatsoever, and the special 
care which has been taken over the alignment of 
shafting, the energy consumption per loom has 
reached what is believed to be a record low figure 
for any of the electrified mills on the river. 

One of the advantages which may be men- 
tioned of the policy of splitting up the electric 
drives into comparatively small groups is the 


were 


facility which is given to the maintaining of the 


Fig. 


11.— 3,300 volt Truck type switchboard. 


highest possible load factor. An example of the 
rates charged by the Supply Company is given 
below, and it will be immediately seen that it is 
most important to keep the average demand as 
closely as possible to the maximum demand. 


SuppLy ComMpany’s RATES FoR LOADS BETWEEN 
3,500 AND 4.500 KW. 


Load Rate 

Factor. per unit. 

30% .383 anna The value of the 
35% 343, anna is approxi- 
40% 318 mately one penny. 


Power Factor surcharge .0025 of an anna 
per unit for every 1% below 95%. 

In an Indian jute mill and during the monsoon 
period rapid changes of humidity may occur, and 
during periods of heavy rains the moisture in the 
air may have immediate effect on the spinning 
frames and result in machines taking anything 
up to 15 per cent. higher load than normal. If 
precautions were not taken this might cause a 
sudden increase in the maximum demand and a 
corresponding reduction in the load factor, which, 
in turn, would have the effect of increasing the 
cost of all the units consumed during the month. 
With the suitable grouping of various motors, 
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however, this can be overcome, and it is fre- 
> 
quently permissible, without affecting actual 


production to shut down various drives for a 
short period to prevent the maximum demand 
recording instruments from registering a total 
seriously in excess of the average demand. 

The conversion of the installation was com- 
pleted at the commencement of last year and the 
final switching-on ceremony was carried out by 


Some Considerations in the Testing and 
of Modern High Rupturing Capacity S 
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Mr. Wild, a partner in the Managing Agents’ firm, 
on the 25th March, 1936. 

The entire contract for the supply and erec- 
tion of all the materials was entrusted to the 
English Electric Company, whose sub-contractors 
included Messrs. Douglas Fraser & Company for 
the supply of all shafting and millwrighting work, 
Messrs. Hans Renold for the chain drives and 
Messrs. Siemens Brothers for the cables. 


\pplication 
witchgear, 


By A. R. BLANDFORD, Chief Engineer and Manager, Switchgear Department. 


Oil Circuit-Breakers have been produced in 
this country under two definite Specifications, 
namely, B.S.S. 1161923 and B.S.S. 116/1929. 
These two Specifications were introduced prior 
to the availability of testing stations or any other 


organised method of proving the ability of 


circuit breakers to deal with all types of faults. 

Owing to the lack of such testing facilities 
circuit breakers have in the past been rated 
generally upon empirical formule and_ field 
experience. With the introduction of testing 
stations the handicap to progress has been 
removed, permitting research to be undertaken 
which has resulted in the development of new 
methods of circuit-making and circuit-breaking. 
It also has paved the way for establishing a 
standard of performance which has been proved 
will meet service conditions. 

This new standard has not only been accepted 
and agreed for Great Britain but has also received 
international recognition and agreement. 

Some of the more important points brought 
out in the specification are here summarised and 
discussed in greater detail in the succeeding 
paragraphs. 

(1) Limitations of ampere short-circuit rating. 

(2) Tests at other than the full rated rupturing 
capacity. 

(3) Full cognizance of the 
recovery voltage. 


importance of 


(4) The restriction of the value of the D.C. 
component for determining the breaking capacity 
performance on average speed breakers, with 
provision for inclusion of the D.C. component for 
high-speed breakers. 

(5) Control of test plant decrement. 

LIMITATIONS OF AMPERE SHORT-CIRCUIT 
RATING. 

In the past it has been customary for manu- 
facturers to offer and actually instal circuit- 
breakers having very high rupturing capacity 
rating of the order of 1,500,000 kVA. at com- 
paratively low voltages, say 6,600. A study of 
the amperes to be dealt with in a breaker of this 
size will show that the breaking current is 130,000 
amperes, and the making current could be of 
the order of 330,000 peak asymmetrical amperes. 

The mechanical stresses encountered in design- 
ing a circuit breaker to withstand the forces 
which would be set up by currents of this magni- 
tude place such circuit breakers beyond economic 


design and construction. Closing forces for 
operating under these conditions would be 


extremely high and create difficulty in producing 


a satisfactory mechanism, especially in view 


of the fact that the circuit breaker must close 
during a large percentage of its life at practically 
no load, giving a surplus of power which would 


shocks 


produce very severe upon the whole 


structure. 


ie 
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The thermal capacity of the contacts is yet 
another very difficult problem to overcome, as 
obviously with making currents of this high 
order it is very difficult to arrange that contracts 
immediately they ‘‘ make” with comparatively 
small pressure and reduced contact area, will at 
the same time carry these heavy currents without 
tendency to weld. 


With these facts in mind, the maximum 
rupturing capacity ratings provided for at 


specified voltages in the future will be of the 
following order :— 


6.6kV ... nee 500 m.V.A. 
SEEN. 1,500 m.V.A. 
G6EV. ... 2,500 m.V.A 


It will be appreciated that in order to keep 
within the rupturing capacity values enumerated 
above, it will, in a large number of instances, 
mean a rearrangement of systems introducing 
reactors, and possibly the introduction of trans- 
formers for the purpose of stepping up to higher 
voltages. 
TESTS AT OTHER THAN THE FULL RATED 
RUPTURING CAPACITY. 

In earlier Specifications no consideration had 
been given to tests other than at the full rated 
rupturing capacity. It is well known that the 
length of an are drawn by a circuit breaker can 
be appreciably longer at lower kVA. values of 
say 10 per cent. to 30 per cent. of the full rating. 
With this knowledge it is now intended that 
due consideration shall be given to the behaviour 
of the circuit-breaker under these conditions of 
reduced kVA., and additional tests at 10 per cent., 
30 per cent. and 60 per cent. of the full rating 
have therefore been introduced into this Specifica- 
tion. 

Typical curves for a modern circuit-breaker 
fitted with are control device are shown in Fig. 1, 
indicating how the are length varies with the 
current broken. 

It will be realised that many of the existing 
circuit-breakers in service to-day have not been 
tested under these conditions, and consequently 
it is not improbable that at some of the lower 
ratings the length may be maintained 
throughout the full travel of the circuit-breaker, 


are 
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Fig. 1.—Typical curves showing relation of arcing time to 
current interrupted, 
thus limiting the rupturing capacity of such a 
circuit-breaker to a very small value. 
This fact cannot be over-emphasised, and it is 
responsible for some of the failures which have 


occurred on existing circuit-breakers under 
comparatively light fault conditions. It is im- 


possible for designers to estimate the general 
behaviour of circuit-breakers in this respect, and 
the only way of determining the characteristics 
of the breaker is by actual test. 

FULL COGNIZANCE OF THE IMPORTANCE OF 

RECOVERY VOLTAGE, 

The rupturing capacity of a circuit-breaker 
when interrupting a short-circuit depends not 
only upon the current in the arc, but also upon the 
recovery voltage of the circuit to which it is 
connected. It is necessary for Engineers to 
predict the recovery voltage which will obtain 
on their system. 

For single-phase short-circuits the recovery 
voltage is lower than the initial voltage only by 
the reduction in useful flux in the generating 
plant due to the armature reaction of the short- 
circuit current. 

With three-phase short-circuits, the recovery 
voltage of the first phase to clear is modified, 
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not only by the reduction in flux due to armature 
reaction, but also by the nature of the ground 
connection. 

The new Specification takes into account these 
facts and when circuit-breakers are tested single- 
phase, which is a permissible method when each 
phase is contained in a separate tank, the recovery 
voltage must be on the basis of 50 per cent. above 
the rated phase voltage in order to allow for the 
fact that any one of the three poles may be the 
first to clear the short-circuit. 

Although this additional voltage is used for 
the purpose of test, it is not included in the 
interpretation of the performance of the breaker 
from the test records, the value of the phase 
recovery voltage only being used for this purpose. 

Further, definite limits of variation from the 
rated voltage are specified in order to ensure 
that the circuit-breaker will operate satisfactorily 
under average service conditions. 


THE RESTRICTION OF THE VALUE OF THE 


D.C. CoMPONENT FOR DETERMINING THE 
BREAKING CAPACITY PERFORMANCE ON 


AVERAGE SPEED BREAKERS WITH PROVISION 
FOR INCLUSION OF THE D.C. COMPONENT 
FOR HIGH-SPEED BREAKERS. 


When short-circuits arise on either a three- 
phase or single-phase system, the current at the 
outset will in general be made up of two com- 
ponents, namely— 

(a) A direct current component. 

(b) An alternating current component. 

The latter is independent of the particular 
point on the voltage wave at which the short- 
circuit occurs. The former is dependent not only 
upon the value of the alternating current com- 
ponent, but also upon the point of the cycle at 
which the short-circuit occurs. 


Direct Current Components. 

Considering the alternating current component 
alone, this would require that the current increases 
instantaneously from zero to some finite value 
except when the short-circuit occurs at a point 
on the cycle at which the current would normally 
be zero. Owing to the presence of inductance in 
the armature circuit the current cannot change 
instantly, therefore, an equalising direct current 
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flows of such a magnitude as to make the total 
current zero when projected back to zero time. 
This direct current then falls exponentially at 
a rate governed by the direct current time 
constant T'a. 

Alternating Current Component. 

An alternating current component can be 
divided conveniently into a sub-transient and a 
transient component. If the envelope of the 
current wave is projected back to zero time 
neglecting the first few cycles having a very rapid 
decrement, a transient current is obtained. The 
value of this component is equal to the voltage 
divided by the transient reactance. The differ- 
ence between the total current and the transient 
component is the sub-transient component. The 
total current has a value equal to the voltage 
divided by the sub-transient reactance. 
the sub-transient component of the current is 
maintained by a flow of induced current in the 
damper windings, which usually have a fairly 
high resistance, the time constant for the A.C. 


Since 


component is usually small and the consequent 
current decrease very rapid for the first few 
cveles. 

The limitation of the D.C. component in the 
calculation of the rupturing capacity of average- 
speed breakers is justifiable as in practically all 
cases the current will be reduced to the A.C. 
component only by the time the contacts of the 
circuit-breaker part. 

Testing circuit-breakers under the foregoing 
conditions increases the duty on the circuit- 
breaker in that the rate of rise of recovery voltage 
is increased and also the power factor of the 
circuit both of which 
increase the difficulties of circuit rupturing. 

ConTROL OF Test PLANT DECREMENT. 

By referring to the description given under 
the heading of Item (3) it will be understood 
that if the voltage before short-circuit and after 


is decreased, conditions 


short-circuit is defined, this is a very convenient 
means of assessing the current decrement obtained 
on short-circuit tests because the current during 
short-circuit will be proportional to the voltage. 

When studying tests from this point of view 
this factor is of the utmost importance. For 
want of a better means the amperes interrupted 
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are defined in all speci- 
fications as being the 
amperes at the instant 
the contacts part. 

Therefore unless this 
voltage decrement is de- 
fined, should a_ small 
testing generator be used 
for the purpose of tests, 
it would be possible, 
owing to the reduction 
in useful flux in the gen- 
erator to cause a heavy 
voltage decrement with a 
corresponding reduction 
in the current between 
the time the contacts 
part and the time when the are is extinguished. 
Under these conditions a circuit-breaker could be 
given an erroneous rating even though the 
recovery voltage would be of the correct value. 

Having stated the general trend in which 
Standard Specifications are being modified to 
ensure that circuit-breakers will satisfactorily meet 
service conditions, it will be interesting to examine 
the methods which have been adopted in this 
country to bring about the necessary improve- 
ments in order to comply therewith. 

One of the most important developments in 
circuit-breaking is the introduction of the are 
control device. Several types of these are now 
available and all aim at reducing the are energy 
with consequent reduction in stress and deprecia- 
tion of contacts and oil. It has been demon- 
strated by tests that such devices can be operated 
satisfactorily from 6,600 volts up to voltages of 
any practical magnitude. 

The advent of these devices has done much to 
stabilize considerably the operation of oil-circuit- 
breakers, producing very consistent results over 
wide ranges of short-circuit values. In fact it 
is the Author’s definite opinion that a consistently 
satisfactory oil-circuit-breaker without are con- 
trol device cannot be produced for voltages of 
33 kV. and upwards. 

Dealing with the question of consistency of 
performance, it is interesting to compare a number 


~ Thousands of 


137 


4 


Fig. 2.—Typical curves showing relation of arcing time to current interrupted, with and 


without De-ion Grid contacts. 

of tests made on a 750,000 kVA. 33 kV. oil-circuit- 
breaker fitted with are control device with a plain 
contact circuit-breaker of 6,600 volts rating. the 
tests ranging from 10 per cent. up to maximum 
rupturing capacity. 

The curves illustrated in Fig. 2 show these 
comparisons, and it will be seen that the arcing 
times for the circuit-breaker fitted with the are 
control device approximate closely with the figures 
given in the curve shown in Fig. 1. It will be 
noted that the arcing times at the lower rupturing 
vapacity of the plain contact circuit-breaker are 
excessively long, and this amplifies the statement 
made earlier that many of the existing circuit- 
breakers which have not been tested under lower 
rupturing capacity conditions are liable to failure 
on this account. 

This is a very important point, as when Supply 
Engineers are considering the existing circuit- 
breakers on their system, it is sometimes assumed 
that where the available short-circuit kVA. is 
very much lower than the full rating of the circuit- 
breaker, there is an ample margin of safety 
which in actual fact does not exist. 

It will also be appreciated that with the more 
consistent arcing times it is definitely possible 
to secure finer settings of the protective relays 
and thus ensure that the fault is interrupted in a 


minimum of time, preventing as far as possible 
undue disturbances to the system. 
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Tank pressures are also considerably decreased 
by the application of are-control devices, and it 
is almost inconceivable to-day that large numbers 
of circuit-breakers are still being purchased and 
installed which rely for their successful behaviour 
upon what the author considers to be ‘ black- 
smith methods.” 


A great deal of consideration has recently 
been given to the problem of the safety of opera- 
tors, and when it is appreciated that it is possible 
to instal circuit-breakers having maximum tank 
pressures of the order of 20 to 30 lbs. per square 
inch, it is difficult to believe that this question of 
safety is really being treated seriously when one 
finds that circuit-breakers are being installed 
with tank pressures of the order of 10 times this 
value for the same rupturing capacity. 

In the author’s opinion, low tank pressures 
should be made an essential condition of any 
Purchasing Specification. 

It must be remembered that exigencies fre- 
quently prevent regular examination and main- 
tenance, and often after paying visits to old 
installations it has been discovered that tank 
bolts are not properly tightened, and under such 
conditions a circuit-breaker designed for heavy 
tank pressures might release a large quantity of 
burning oil, resulting in fatal injuries to the 
operator. 

While dealing with this point it might be as 
well to consider the two main forms of tank joints 
which are in use to-day. Certain breakers rely 
upon a machined flanged tank joint, while 
others are fitted with gaskets. The author 
considers the latter method should be deprecated 
from two points of view. It is impossible to 
find a satisfactory gasket having sufficient 
resiliency and which will not, in the course of 
time, suffer from a natural deformation under 
pressure. This means that with gasket joints 
it should be a regular operation to tighten all 
the tank bolts to ensure that the joint is tightly 
held. 

If tank bolts are allowed to become loose with 
a gasket joint, there is always the danger of the 
gasket being blown out under pressure and the 
possibility of burning oil being discharged over 
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the operator. It is known that a number of 
cases of this kind have occurred. 

From this it will be realised that an efficient 
arc-control device assists materially in eliminating 
danger to the operator, and especially in those 
instances where gaskets are used for the tank joints. 

The essential features of an efficient and 
satisfactory are-control device are :— 

(1) Ample mechanical strength. 

(2) Limited internal pressures. 

(3) Sufficient margin of length over and 
above the length of the are. 

(4) Definite control of the arc. 

(5) Readily replaceable sections. 

(6) Facilities for the inspection of contacts 
and also the interior of the device 
without dismantling. 

(7) Readily replaceable arcing contacts. 

The English Electric Company’s arc-control 
device, de-ion grid contacts, meet all of these 
conditions as described below :— 

(1) AMPLE MECHANICAL STRENGTH. 

Mechanical strength of the device is deter- 
mined by testing at an ampere capacity very 
much in excess of that adopted as its rating. 

(2) Limirep INTERNAL PRESSURES. 

With the de-ion grid arc-control device there 
is no attempt made to enclose the device with 
a view to setting up high internal pressure, and 
the device is open-vented both at the top and 
the bottom. 

(3) SUFFICIENT MARGIN OF LENGTH OVER AND 

ABOVE THE LENGTH OF THE ARC, 

A maximum are length of 50 per cent. of the 
length of the de-ion grid is allowed for the length 
of the are at full rupturing capacity. 

(4) DeFInirE CONTROL OF THE ARC. 

This, unlike any other are-control device, is 
achieved magnetically. 

(5) Eastty REPLACEABLE SECTIONS. 

The de-ion grid arc-control device is built up 
of independent sections, and if, after the course of 
years of service it is thought necessary to replace 
the top section, which is subject to the greatest 
arcing temperature, this can be achieved by 
transferring the top section to the bottom of the 
device, and vice versa, thus effecting a saving in 
maintenance costs. 
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(6) FACILITIES FOR INSPECTION OF CONTACTS AND 
THE INTERIOR OF THE DEVICE WITHOUT 
DISMANTLING. 

By removing the two hexagon headed screws A 
and Al (see Fig. 3), the fixed contacts and the con- 
dition of the interior can be readily examined. 
(7) Reapity REPLACEABLE ARCING CoNnTACTS. 

The removal of the hexagon-headed screws 
referred to above allows the arcing contact B (see 
Fig. 3) to be inspected and this can be readily re- 
placed at the same time if necessary, without 
further dismantling. 

Not only has considerable progress been made 
with the art of circuit rupture by the introduction 
of the are-control device, but a good deal of 
research and development has also taken place 
in connection with the question of closing the 
circuit. This was necessary, as it has been dis- 
covered that many of the old forms of contacts 
were prone to welding-in on making the heavy 
currents required on modern circuit-breakers. 
Improvement and progress has been achieved 
mainly by altering the shape and design of both 
fixed and moving contacts, and further by the 
application of arc-resisting alloys which have a 
much higher melting temperature and are less 
prone to welding. 

In addition, the rate at which the circuit- 
breaker closes, when closed other than by hand, has 
been increased to ensure that the maximum area 
of contact is obtainable in the minimum time. 

With these improvements and other details 
of a minor nature, it can now be claimed that the 
oil-circuit-breaker is a satisfactory piece of 
apparatus providing all the safeguards demanded 
by modern Supply Undertakings. 

It is acknowledged that certain failures with 
switchgear have been experienced of late, but 
generally these failures have not been as a result 
of the failure of the circuit-breaker to perform 
its duty, but are more of the nature of insulation 
failures of the apparatus itself or the auxiliary 
apparatus which forms part of the equipment. 

Where breakdowns have occurred due to the 
circuit-breaker having failed to perform satisfac- 
torily its interrupting duty, the author is unaware 
of any single case where this has taken place ona 


circuit-breaker which has been proved by test con- 
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Fig. 3.—Typical Assembly of De-ion Grid contact. 


forming to the specification shortly to be issued and 
where it was acknowledged that the circuit-breaker 
was in every way equal to its duty and rating. 

It is not in every case that existing circuit- 
breakers could be replaced by up-to-date circuit- 
breakers without involving further modifications 
to the arrangement of thesystem. It wasexplained 
earlier that economically, circuit-breakers have a 
limited ampere capacity, and when this value 
is reached it involves either the introduction of 
reactors or reducing the rupturing capacity or 
alternatively increase the voltage to bring the 
ratings within the limited ampere capacity. 

In some of the failures which have occurred, 
prolonged shut-downs have resulted, and in some 
cases the fire damage has been very heavy. It 
will be understood that with any apparatus of 
the type under discussion employing insulation 
mediums, it is impossible to guarantee that failures 
cannot and will not occur. Therefore it becomes 
necessary to examine the layouts of Switching 
Stations and to see that in cases of failure the fire 
hazard is reduced to a minimum. 

Some work in this direction has been achieved 
by the introduction of circuit-breakers containing 
a comparatively small quantity of oil in the cireuit- 
breaker tanks, generally at the expense of safety 


factors in the circuit-breaker. In the author’s 
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Fig. 4.—Typical Arrangement of Substation using Metalelad Switchgear (Plan and End View). 


Fig. —Typical Arrangement of Substation using Metalelad Switchgear (Elevation). 
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opinion it is entirely wrong to proceed along 
the lines of reducing tank capacities in an attempt 
to decrease the fire hazard. This type of circuit- 
breaker usually employs a single-break per pole, 
which is reverting to types that were in common 
use many years ago. 

It might be claimed that the single-break circuit - 
breaker can be made to rupture the same value of 
kVA., thus giving the same safety factors as 
can be obtained with a double-break circuit- 
breaker. This claim is ethically unsound as 
naturally with a double-break circuit-breaker 
there is employed two independent arc-control 
devices and in the event of either of these 
becoming damaged from any cause whatsoever, 
the remaining are-control device must be and is 
quite capable of dealing with the full-rated 
rupturing capacity. 

The author has seen evidence on tests in more 
than one case of one of the arc-control devices 
having been damaged so as to render it practically 
useless; the  circuit-breaker, however, has 
behaved admirably under the control of the 
remaining healthy device. 

This is a fact of outstanding importance and 
must not be overlooked when reducing the size 
of the circuit-breaker tanks in order to keep down 
oil quantities. It is not so very long ago when 
circuit-breakers which had the largest tanks were 
considered to be the most reliable, and there 
is still very much in favour of this viewpoint. 

It is recommended that rather than adopt these 
measures, Supply Engineers should realise the 
possible failure of their switchgear and take steps 
in the layout of their station to see that the effect 
of such damage is kept down to a 
minimum. 
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the application of busbar protection when the 
neutral of the system is earthed, either through 
an earthing transformer or an earthing resistance, 
it is almost impossible to allow of excessive earth 
currents for prolonged periods. This protection 
goes far to minimise fire risks. 

(2) INSTALLATION OF FIRE FIGHTING APPARATUS. 

The buildings should be suitably arranged for 
saturating with C.O.,, which is released at some 
predetermined temperature rise. 

(3) THe Layout oF THE SWITCHGEAR CAN BE 
CONSIDERABLY IMPROVED COMPARED TO THAT 
WHICH HAS BEEN ADOPTED AS A STANDARD 
PRACTICE IN THE PAST. 

(4) SUITABLY DRAINED Ort Sumps and Svp- 
DIVISION OF THE STATION SHOULD BE PRO- 
VIDED. 

In connection with the last two items, a scheme 
is outlined in Figs. 4 and 5, which shows what is in 
the author’s opinion, a very definite step in the 
right direction, and while this does not claim to 
prevent fires, it rather caters for the supply 
being maintained in the event of fire taking place. 

Briefly, the scheme is suitable for a duplicate 
busbar layout diagrammatically shown in Fig. 6, 
and more particularly suited to cases where there 
are duplicate feeders. It will be seen from the 
examination of the foundation plan, Fig. 4, 
that the scheme briefly comprises four independent 
switch houses with two separate bus section 
switch compartments. The incoming feeders are, 
as far as possible, placed equally on each side 
of the section switches. Duplicate  circuit- 
breakers can be provided for the feeders, or 
alternatively the method of bus selection can be 


| 


4 y 


The methods recommended this 
direction are as follows :— y 
(1) THe Appiication oF BusBAR PRo- 

TECTION. 


Such protection will guard against 
excessive damage due to the more common 
cause of circuit breaker-failures, i.e., 
insulation breakdown. With modern 
circuit-breakers of reasonable capacity, 


the busbar systems and inter-connections 
are completely phase separated, and with 


fire Partitions 


Fig. 6.—Typical Diagrammatic Arrangement of Switchgear showing 


fire sectioning. 


a 
9 9 'g! Vo : 
= 
= 


142 


by truck or crane which moves one moving portion 
from one side of the building to the other. 

It is recommended that although the outgoing 
feeders need not be equipped with duplicate 
breakers, that the incoming feeders should be 
so equipped. It is also recommended that two 
travelling breakers should be provided for the 
purpose of changing over one set ef busbars to 
the other without interrupting the supply to the 
outgoing feeders. 

The outgoing feeder cables are arranged 
similarly to the incoming cables on each side of 
the bus section switches, and in addition only 
25 per cent. of the feeder cables enter each of the 
four switch houses. 
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With this arrangement if a fire should take 
place in any one of the four switch houses, only 
25 per cent. of the cable output of the substation 
would be affected. 

The scheme is not expensive and the cost of 
the apparatus compares very favourably with 
the orthodox method of busbar selection where 
the busbars are situated one above the other. 
With the latter type of arrangement it is im- 
possible to place any degree of faith in the stand- 
by busbar, other than for testing or switching 
purposes. In the event of fire it is quite under- 
standable that the whole of the busbar system is 
likely to be deranged and out of commission, 


thus resulting in a complete shut-down. 


Current-Limiting Reactors. 


. Their Application to 132-kV. Systems. 
By R. M. CHARLEY, M.C., B.Sc., M.I.E.E., Mem.A.1.E.E. 
(Reprinted from * The Electrical Review,’ 12th March, 1937.) 


Current-Limiting Reactors have been applied 
to alternating current systems for many years. 
Their earliest use was for the purpose of increasing 
the circuit impedance of a feeder, or distributor, to 
a value consistent with the safe rupturing capacity 
ot the switchgear installed. This condition arose 
largely because it was common practice to specify 
comparatively low impedance for transformers 
in order to secure the advantage of better voltage 
regulation. In later years, however, this feature 
was considered of less importance than the neces- 
sity for building the transformers with sufficient 
reactance to render them self-protecting under 
short-circuit conditions. The problem of voltage 
regulation has been overcome by the installation 
of equipment in the form of on-load tap-changing 
on main transformers or some type of separate 
voltage regulator. 

It is interesting to note that in the light of 
recent investigation into the true rupturing 
capacity of switchgear, values allocated to switch- 


gear built some years ago are found to be too high. 
Consequently, reactors must be installed, or 
alternatively, in many cases the actual rupturing 
capacity of the circuit breakers may be increased 
by modifying their construction, as, for example, 
by the replacement of the contacts with new 
ones of the ‘‘ De-ion Grid ”’ type. 

Another application of reactors is to insert 
them between sections of the busbar of a large 
power station, where even the high reactance of 
the generator and step-up transformer is not 
sufficient to restrict the short-circuit current 
to a safe value in the event of a fault occurring 
in one section, in which case all other connected 
generators would feed into it. A typical example 
of this scheme is that of the Barking Power 
Station where each generator is connected through 
its step-up transformer to a section of the 33 kV. 
busbar, and between sections are installed large 
current limiting reactors. The installation con- 


sists of seven banks of oil-immersed reactors 
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Fig. 


located outside the Power Station. Each bank 
gives a reactance of twelve per cent. on a capacity 
of 50,000 kV.A. at 33 kV. 

A similar use for large reactors originates from 
the interlinking of power systems which has been 
carried out on such a vast scale in recent years. 
The capacity of generating plant connected to the 
interlinked systems has reached such a_ huge 
total that, should a fault occur in a certain 
section, the short-circuit current fed into it would 
exceed a safe limit for the switchgear. 
this fault current to a safe value, reactors are 
connected between sections at carefully selected 
points. An example of this nature is the instal- 
lation at the Grid Transforming Station at 
Northfleet, where two banks of reactors giving 
five per cent. reactance on a capacity of 50,000 
kV.A. at 132 kV. are installed. A description of 
these units, which are shown in Fig. 1, follows. 

On account of the voltage of 132 kV., these 
reactors are naturally oil-immersed, but this 
practice is sound for all reactors of whatever size 


To restrict 


Bank of Reactors at the Central Electricity Board’s Transformer Station, Northfleet. 


The conductor is an enamelled 
and paper-wrapped stranded cable. The insula- 
tion on the cable, together with the space between 
conductors in the coil, is sufficient to give adequate 
security against surge conditions. The layers 
are spaced in the horizontal direction by sectors, 
which are locked in by long vertical strips which 
form the axial spacers, these strips passing 
through slots in the sectors; both types of 
spacers fullerboard. The process of 
winding the coil is illustrated in Fig. 2. To 
facilitate the winding the axial or vertical spacers 


or voltage. 


are of 


must be only an inch or so above the level of 
the layer being wound, but they must be con- 
tinuous throughout the length of the coil ; thus, 
at the commencement of the winding, the spacers 
project below the winding face-plate and are 
pushed upwards as the winding progresses. The 
coil is formed on a bakelised paper cylinder. 
Fig. 3 shows two completed coils. 

coil 
and the clamping plates is provided by sectors 


The insulation between the ends of the 
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Fig. 2.—Reactor Coils in process of being wound, 


and washers of fullerboard. The insulation test 
applied between the coil and ground in the com- 
pleted reactor is 300 kV. for one minute. The 
coil and end insulation is clamped between steel 
plates tied together with phosphor bronze bolts. 
Although these plates are some distance from 
the coil, they are wifhin the influence of the 
flux of the coil and consequently, eddy current 
losses are generated in them. The amount of 
the loss is reduced to a negligible value by 
bolted to 
the plate. By transformer action currents 
are induced in the rings and the result 
is to prevent to a large extent the flux 


two concentric copper rings 


from entering the steel. One of these 
rings can be seen in Fig. 3. 
The coil is contained in a circular 


tank on which the radiating surface > 
necessary to dissipate the heat generated 
by the normal load loss is provided by 
elliptical tubes bent on edge and welded 
into the tank side. 
in the steel plate of the tank wall due to 
the flux of the coil are controlled by the 
method known as copper ring shielding. 

Round the inner surface of the tank- 
wall opposite the winding are several 
copper rings, of heavy cross section. 
The effect of these rings is the same 
as that described above in relation to 


Losses generated 


the steel clamping plates of the coil. 
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similar re- 
actors designed to give 
10 per cent. reactance 
on a capacity of 50,000 
kV.A. at 132 kV., the 
shielding is achieved by 
means of the magnetic 
shunt principle which 
comprises a number of 
packets of laminations 
oftransformer steel 
mounted radially round 
the inner surface of the 
tank, thus providing a 
low loss path for the flux. 

The tank is provided 
with an oil expansion 
with accommodation. for a Buchholz 
Protective device and an explosion diaphragm: 

The oil-level (Patent No. 450,419) 
was described in the article ‘ Scientific Develop- 
ments in Transformer Construction”’ in the 
December, 1936 (Vol. VIII, No. 4) issue of this 
Journal. 

Connection for the 132 kV. overhead line is 
made through a condenser bushing mounted in 
the cover of the reactor, while the outgoing con- 


In some 


vessel 


gauge 


Fig. 3.—Two completed Reactor coils. 
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Fig. 4.—Showing cable entry of outgoing single-core oil-filled cable. 


nection is made to a single-core oil-filled cable. 
The cable is finished in a sealing end supplied 
by the cable maker, and this is mounted inside 
a large chamber located on the tank cover, the 
oil in the chamber being common to the oil in 
the main tank. The connection from the sealing 
end to the coil is made by a flexible cable enclosed 
in a brass tube which is supported from the coil 


itself and is adequately braced to prevent 


movement under short-circuit conditions. The 


cable entry is seen in Fig. 4. 


The loss in one reactor of the bank having 
five per cent. reactance on a capacity of 50,000 
A completely assembled 
tach unit, complete with 
oil, weighs 38,170 lbs.; the diameter over the 
tubes of the tank is 10 ft. and the height over the 
bushing is 15 ft. 


kV.A. is 20.5 K.W. 
coil weighs 6,500 Ibs. 
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Interesting Reactor and Transformer Installations 
at Brighton. 


By R. M. CHARLEY, M.C., B.Sc., M.I.E.E., Mem.A.1.E.E. 


The author is indebted to W.N. Cc. Clinch, Esq., A.M.I.E.E., Engineer and Manager, Brighton Corporation Electricity 
Undertaking, for permission to publish the details of the application of the reactors and transformers to his supply system 


Fig. 1.—A Bank of three single-phase reactors installed at the Southwick Power Station of Brighton Corporation 
Electricity Undertaking. They have a reactance of 15 per cert. on 30,000 kVA,., 3 phase, 50 cycles, 


At the Southwick Power Station of the Brighton 
Corporation Electricity Undertaking the generator 
busbar pressure is 8kV. The busbar is arranged 
so that it can be separated into two sections ; 
to one section 30,000 kW. and 15,000 kW. 
generators are connected, and on the other 
section there are 30,000 kW., 15,625 kW. and 
6,000 kW. generators; also, coupled to each 
section is a C.E.B. supply which is given from the 
132 kV. Grid through a double transformation, 
viz., 132 33 kV. and 33.8 kV. The two sections 


of the busbar are coupled through a reactor, 
designed to operate continuously with the 
maximum transfer of power of 30,000 kVA, and 
having a reactance of fifteen per cent., which 
value is necessary to limit the short-circuit 
current under the worst conditions to the safe 
rupturing capacity of the switchgear, viz., 
750,000 kVA. 

The reactor comprises a bank of three single- 
phase units, which are of the oil-immersed type 
and are installed out of doors. The maximum 


146 
, 
ke : “if 


THE ENGLISH ELECTRIC JOURNAL 
continuous current is 2,165 amperes, and the coil 
is wound with an enamelled stranded cable in 
two parallel sections : the winding is designed to 
withstand the short-circuit current of 14,450 
amperes for 5 seconds. The interturn insulation 
and spacing is similar to that described on page 143 
and illustrated in Fig. 2. The influence of the 
flux of the coil is controlled by a magnetic shield 
which is built on the principle of a three-limb 
single-phase transformer where the windings are 
on the centre limb, except, of course, that with 
reactors there is no steel in this limb. This 
design provides adequate shielding and the 
reactance characteristic is- practically a straight 
line. The total loss at normal current is 22.5 kW. 
at 75 deg. C. for each single-phase unit. 

The bank of reactors is illustrated in Fig. 1. 
The tanks are of the tubular type, sufficient cooling 
surface being provided in an efficient manner with 
elliptical tube bent on edge, and an explosion 
diaphragm and expansion vessel are supplied ; 
in the oil pipe between the main tank and the 
‘expansion vessel is mounted a Buchholz protec- 
tive device. Electrical connection to the reactors 
is made through three single-core lead-covered 
cables per phase ; the cable boxes are made of 
silica-aluminium and are amply proportioned to 
facilitate the handling of the heavy cables. The 
boxes are filled with ‘ Trinidite * O.T.R., an oil- 
resisting compound, and connection to the main 
tank is made through porcelain insulators fixed 
horizontally in a barrier between the cable box and 
the disconnecting chamber mounted on the main 
tank cover; the oil in this chamber is common 
to the oil in the main tank, and it is necessary to 
withdraw only a few gallons of oil to gain access 
The 
tank is supported on a skid type underbase. The 


to the links in the disconnecting chamber. 


weight of a single-phase unit complete with oil 
is 6} tons. 

Some of the power generated at the Southwick 
Power Station is distributed at 8 kV. to the Hove 
and Shoreham Undertakings, but the supply to 
Brighton is stepped up to Il kV. by means of 
auto-transformers and is fed to the North Road 
Distribution Centre which is located in 
heart of the town five miles away. From 
this substation there is a considerable amount of 


the 
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distribution by means of D.C., rotary converting 
plant being used. Originally the supply to this 
plant was at 8 kV. from the Power Station, but, 
as stated above, 11 kV. supply is now available, 
and step-down auto-transformers are installed at 
the substation. The converting plant is controlled 
by two separate switchboards, each supplied by 
two transformers. Board * B” controls three 
1,000 kW. and one 1.500 kW. motor converters 
and two 1,500 kW. synchronous 
rators and one 300 kW-set., 
through two 11,000 kVA. auto-transformers. 
Board **C” controls two 1,500 kW. rotary con- 
verters five 500 kW. 
generators, the supply being 
6,000 kVA. auto-transformers. 
In order to restrict the maximum short-circuit 
kVA. to a value that can be dealt with safely 
by the existing switchgear the 


motor gene- 


and the supply is 


and induction 


motor 


through two 


necessary re- 
actance is provided in the transformers, the value 
for the 11,000 kVA. units being 11 per cent. and 
that for the 6,000 kVA. units being 6 per cent. 
The transformers are of the three-phase core 
type; the windings of the 11,000 kVA units are 
arranged in a sandwich manner to secure the high 
reactance, but for the 6,000 kVA. units the 
windings are arranged concentrically. The efti- 
ciency at full load and unity power factor and 
at 75 deg. C. is 99.51 per cent. and 99.53 per cent. 
for the 11,000 kVA. and 6,000 kVA. transformers 
respectively. The tanks are half-round ended 
and cooling surface is provided by elliptical tube 
bent on edge and welded into the tank side. 
Cable boxes for three-core cables are mounted 
on disconnecting chambers fixed on the tank 
cover, the general arrangement being similar to 
that described above for the reactors. 
Buchholz are 
The complete transformer substation 
is shown in Fig. 2. 


Expansion 


vessels and protective devices 


supplied. 


As will be seen from the illustration, this 
substation is in close proximity to dwelling 


houses, and an interesting feature of the installa- 
tion is the fire-protection equipment, which is of 
the Mulsifvre type manufactured by Messrs. 
Mather & Platt, Ltd. The principle of the 
scheme is that if the surface of the oil is emul- 
sified it cannot burn. The emulsification of the 
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Fig. 2. The North Road Distribution Centre of Brighton Corporation Electricity Undertaking, 


showing 11,000 kVA, and 6,000 kVA. Transformers, together with the “ Mulsifyre’’ fire- 
protection equipment. 


oil is produced by discharging water through pro- 
jectors, which cause a spray to impinge with con- 
siderable force on to, and well distributed over, the 
surface of the oil. Only a thin film at the surface 
needs to be emulsified. and this is achieved almost 
instantaneously, with the result that the fire is 
extinguished within a few seconds of the time 
the water is turned on. 

Fig. 2 shows the water system and the 
projectors pointing downwards. Another system 
of smaller piping, with pilot sprinkler fittings 
pointing upwards, can be seen in the illustration. 
This system is filled with air under pressure, and 
is connected to automatic hydraulic valves. 
Immediately a pilot sprinkler is made to function 
by a fire, due to a quartz bulb bursting, the 
pressure in the pipe falls, the hydraulic valve 
operates and the water is automatically turned 
on to the projector system. A water pressure of 
about 40 Ibs. per square inch is required at the 
projector, and if the town supply will not meet 
this requirement, a pressure tank with a pump 


is supplied. Such a tank and pump equipment 
is installed at the North Road Distribution 
Centre. The air lines containing the fire detectors 
are pumped up separately to about 20 Ibs. per 
square inch. 


In addition to the system mounted above 
the transformers, there is a ring round each tank 
underneath the cooling tubes with projectors 
pointing upwards. 

Round each transformer is built a low wall to 
retain oil that. may leak from the tanks in the 
event of fire, and from each cubicle there is a 
restricted outlet into a large trench filled with 
granite chips which empties into the town sewer 
via an intercepter. The cable trenches are filled 
with granite chips and have an adequate 
partition where the cables pass into the sub- 
station building. 

Similar fire protection equipment is being 
provided for the reactor installation at the 
Southwick Power Station. 
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Contractors 
to the 
British 

American, 


French 


& 
Italian 
War Offices 


& 
Admiraltics. 


Established 1868 


MIDLAND STEEL L”. 


WEDNESFIELD, Nr. WOLVERHAMPTON 


Manufacturers of 


BLACK SHEETS, CLOSE ANNEALED SHEETS, 
CR. & CA. SHEETS, PATENT FLATTENED SHEETS, 
PLATES, +° THICK & UNDER, CIRCLES, Ete. 
ALSO SPECIAL DEEP STAMPING & WELDING 
QUALITY. 

WEDNESFIELD STEEL CO WORKS - MIDLAND SHEET CO 


WEDNESFIELD, Nr. WOLVERHAMPTON. BRICKHOUSE WORKS, WEST BROMWICH. 
Phone: FALLINGS PARK 31375. Phone: TIPTON 1530. 


pam 
| 

ersed Apparaty, 

bes,S 

4 

eho 

‘ NS EE trical Manyf, 
bd Cc nu. act, 
\ for Ele fa 

A 


XI THE ENGLISH ELECTRIC JOURNAL 


A SURE FOUNDATION 


The first essential to a reliable job is a good sound 


foundation. Whenever a rectifier is called for, 
remember that Westinghouse Metal Rectifiers are 
constructed throughout of metal. There are no 


glass bulbs to break, no filaments to burn out, nor 


moving parts to require attention and maintenance. [-HRe 


They are the basis of any successful change-over. 


Write for literature 
to Department E.E.). 


METAL RECTIFIERS 


WESTINGHOUSE BRAKE SIGNAL .. re 
82, York Road, King’s Cross, London, N.| 


TYPICAL APPLICATIONS 


(Pure Asbestos Fibre) 


INSULATED WIRES 


COILS WOUND WITH 
“ LEWBESTOS ” 
CONDUCTORS 
DO NOT BURN OUT 


WHEN SUBJECTED TO 
HIGH TEMPERATURES 
e 
Our booklet on Modern Armature 


Winding gives practical and technical 
information. SEND FORIT NOW! 


THE LONDON ELECTRIC WIRE COMPANY AND SMITHS, LIMITED 
* phone : Leytonstone 3636 (10 lines). CHURCH ROAD, LEYTON, LONDON, E.10. "grams : ‘* Lewcos, London.” 


Traction Motors 


Coal Cutters 
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ASSOCIATED BRITISH MACHINE TOOL MAKERS 
Grosvenor Gardens, 7 IMITED. London, S.W.| 


For further particulars write to: 


17, GROSVENOR GARDENS 
LONDON S.W.1 


The ABMTM group of machine-tool makers covers the whole 
field of machine- tool building, giving the engineer at home and 
abroad a unique manufacturing and sales service. 


Apart from the main specialities of the Associated firms, customers 
have the advantages of the pooled research, the accumulated 
experience and the entire technical resources of ‘the whole group. 


The abundant advantages thus provided by group co-operation 
will be obvious. The after-sales service provided is of a kind 
beyond the scope of the single manufacturer. 
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suitable 


motions. 


Robust Construction. 
Centralised control. 


Wide range of speeds and feeds 


cemented carbide cutters’ 


Quick power traverses to all 


Made in sizes with 
3kin. and gin. spindles. 


HIGH-SPEED VERTICAL 


MILLING MACHINES 


for high-speed steel or 


CRAVEN BROTHERS omancuestem LTD. 


REDDISH - - - STOCKPORT. 
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for 


IMPLICITY 
AFETY 
UITABILITY 


ATISFACTION TANDARDISE ON SILWERTOWN 
ELECTRICAL INSULATING OILS ® 


THE MAINTENANCE of the high standard of performance of modern electrical plant incessantly demands the utmost 
reliability of the components used. Of these, Silvertown Insulating Oils are renowned throughout the electrical 
industry for their efficiency and reliability. 


STANDARDISED upon by leading transformer and switchgear makers, Silvertown Insulating Oils have been functioning 
successfully for years in thousands of installations all over the world. 


PRODUCED: by modern methods and specially designed to meet the requirements of the electrical industry, Silvertown 
Insulating Oils assure prolonged, reliable service. Specify—and rely on—Silvertown Insulating Oils. 


SILVERTOWN SILVERTOWN 
PENETROL TRANSFORMER 
(REGD.) AND SWITCH OILS 
HEAVY MEETING 


INSULATING OIL B.S.S. 148/1933 


AS USED, AS USED, 
SUPPLIED SUPPLIED AND 
AND SPECIFIED BY 
RECOMMENDED LEADING 
BY TRANSFORMER 
LEADING AND 
SWITCHGEAR SWITCHGEAR 
MANUFACTURERS MANUFACTURERS 


“‘English Electric’’ 11,000-volt, 750,000 kVA. rupturing capacity main metalclad switchgear at 
the Tongland Power Staticn ef the Galloway Water Power Company, containing Silvertown 
“* Penetrol’’ Heavy Insulating Oil. 


Millions of gallons of SILVERTOWN TRANSFORMER AND SWITCH OILS are giving daily trouble-free service every- 
where. Manufactured, packed and distributed under rigid control demanding the highest standards, they ensure the 
greatest degree of operating efficiency. Specify SILVERTOWN Transformer and Switch Oils for maximum service. 


With SILVERTOWN “ PENETROL ” no preliminary heating of containers is necessary, no cavitation occurs, no cracks form, 
taping of conductors can be dispensed with, and no mechanical stresses arise with increased temperatures. SILVERTOWN 
‘**Penetrol,”” being fluid, iis easily runiinto or drained from chambers, and can be returned to service after an equipment 
overhaul. 


Write for further particulars. 


Silvertow 


MINOCO WHARF, 
WEST SILVERTOWN, LONDON, E.16. 


Contractors to The English Electric Co., Ltd., and Principal Government 
Departments, Railways, Municipal Authorities and Industrial Firms. 
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is one of the many overseas cities 
which know the advantages of operating 
‘A.E.C-ENGLISH ELECTRIC TROLLEY BUSES 


The illustration shows one of the 


MODEL 661 T VEHICLES 
recently delivered 


WRITE NOW FOR LATEST LITERATURE TO: 


THE ENGLISH ELECTRIC Co. Ltd., Traction Dept., BRADFORD 


OR 


THE ASSOCIATED EQUIPMENT CO. LTD., SOUTHALL, MIDDX. 
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LINES 


“U.G.D.” TYPE VERTICAL 
DRILLING MACHINE 


Built in three sizes to admit work up to 30ins., 
36ins., and 42 ins. diameter. 


Horizontal driving motor mounted directly on 
the head. Twelve or six spindle speeds as re- 
quired. Four rates of self-acting feed. All spindle 
controls concentrated at the front of the head. 


Various forms of tables available. 


Can be supplied in multi or gang form with any 
number of heads mounted on a common worktable. 


In addition to the box body type illustrated, 
machines of round column type can be supplied 
having circular elevating table arranged to swing 
aside. 

Send for copy of list R.51. 


TYPE RADIAL 
DRILLING MACHINE 


Sizes: 3'6” up to 9'0” Maximum radius. 
Illustration shows 4'6” machine. 


Drilling capacity up to 3ins. diameter from the 
solid in steel continuously. Tapping up to 2ins. 
Whitworth in steel and Sins. gas in cast 
iron. Light boring up to 7ins. diameter. 


Twelve spindle speeds and four rates of self- 
acting feed. Four alternative speed ranges for 
customers’ choice when ordering. High range, 
1550/58 r.p.m.; low range, 580/22 r.p.m. 


A type which has been responsible for consider- 
able economies wherever installed. 


Full particulars contained in list R.48. 


WILLIAM ASQUITH Ltd., Well Royd Works, HALIFAX 


Telephone : 61258-9, 61250. Telegrams: “Drill, Halifax.” 
Sole Representatives for the Midlands and Southern Counties : 


DRUMMOND (SALES) LTD., 8, WATERLOO STREET, BIRMINGHAM 2. 
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Our Service is the result 
of 136 years’ experience 


in the printing world. 


Established 1800. 


THE BISHOPSGATE PRESS 
invite your enquiries for all classes of Printing 
and Stationery, and will submit, on request, 


Specimens and Lay-outs for 


ILLUSTRATED PRICE LISTS, CATALOGUES 
AND GENERAL ADVERTISING 


Designs prepared for 
LETTER HEADINGS 
for reproduction by 
POWER RELIEF STAMPING 


“THE BISHOPSGATE PRESS” 


STRAKER BROTHERS LIMITED 


194-200, BISHOPSGATE, LONDON,  E.C.2 


Telephone: BISHOPSGATE 2444 (4 lines) 
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EUREKA!! 


THE WORD SYMBOLISES THE 
SOLVING OF A PROBLEM 


As such it might well be 
Bolton’s watchword for it is part 
of their service to solve the 
problems with which their cus- 
tomers present them. They 
are repeatedly being asked to 
supply metals to meet precisely: 
the individual requirements of 
a particular component or par- 
ticular manufacturing process. 


The reason why they can so 
frequently say «Eureka’”’ lies 
in their long experience, their 
capable personnel, and their 
realisation that SERVICE pays. 


They say « Eureka’ not with 
the jubilation of Archimedes but 
with composure, for solving pro- 
blems concerning metals is with 
them an everyday occurrence. 


COPPER BRASS BRONZE 


ESTABLISHED 178635 


BOLTON 


London Office : 
168 REGENT ST. 
wa 


Thomas 


Head Office: 
MERSEY COPPER 
WORKS. WIONES 
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LONDON, 


One of the largest Organisations in the World. 


lent operation. 


Dependable lubr 


maximum spee 


More economical, 
MILLBANK, 


from start-up to 


more effic 


THAMES HOUSE, 


PRODUCERS . REFINERS . DISTRIBUTORS. 


Also lubricated by Texaco. 
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THE TEXAS OIL COMPANY LTD., 


One of Blackpool's new luxury rail coaches. 


Electric Diesel 
Locomotive is 
Texaco products 
which the L.M.S. 
use regularly. 


This English 
lubricated with 
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